This paper makes inquiries into the adjustment and evolution of the exchange rate towards its new long-run equilibrium level following a change in money supply. A pattern in exchange rate adjustments and movements has emerged that is featured by reverse movements of the exchange rate in the short-term, which is largely regulated by interest rate parities, prior to its eventual convergence to the new long-run equilibrium, which is confined to the working of PPP.
INTRODUCTION
Foreign exchange is an important instrument in international finance and trade.
Determination of exchange rates and understanding of exchange rate behavior are therefore crucial to an orderly international financial market to facilitate international economic co-operations. Its importance can partly be reflected by the scope and coverage of the statistics and surveys that the Bank for International Settlements compiles and carries. Global foreign exchange market activity is one of the two parts in its Triennial Central Bank Survey, alongside derivatives market activity, due to their massive turnovers that move the financial world. While facilitating international trade and related activities, disturbances generated in one part of this interlinked global economy can also be transmitted and magnified through foreign exchange as one of the direct and major channels to impact on the financial markets around the world. The significance of foreign exchange to national and global economies won't be confined to the imaginations of human beings.
Major models of exchange rate determination include Mundell-Fleming (cf. Mundell 1960 , 1961 , 1963 , 1964 Fleming 1962 Fleming , 1971 , the monetary models of Frenkel (1976) and Dornbusch (1976) , the real interest rate differential model of Frankel (1979) , and the portfolio balance approach by Branson (1976) , with follow-ups of Branson et al. (1977) and Branson and Henderson (1985) . The Dornbusch (1976) model is one of the two monetary models of exchange rate determination that assumes sticky prices. That is, prices adjust to the effect of the new and changed economic fundamentals slowly, or it takes time for the price to settle down at the new level dictated by the new economic fundamentals. The Dornbusch (1976) model differs from the Frenkel (1976) model and its prior Mundell-Fleming model in that the price in the latter two models is either fully flexible or totally fixed. Due to its realistic assumptions about price adjustment processes, the Dornbusch (1976) model has attracted much attention in the field of exchange rate determination and adjustment.
One of the most famous features of the Dornbusch (1976) model, which is identified as a consequence of the sticky price assumption, is overshooting of the exchange rate in its adjustment process towards the new equilibrium pertinent to the new and changed economic fundamentals. Due to its prominence and influence, the overshooting proposition has been tested empirically over time. Overshooting in the Dornbusch model is observed by incorporating uncovered interest rate parity (UIRP) into the demand for money function, in conjunction with a kind of exchange rate expectations formation. As the new long-run equilibrium is not attainable immediately and in the short-term, targeting the new long-run equilibrium, as in Dornbusch (1976) , in exchange rate adjustment in the short-term does not seem rational. If the agents foresee a transition path towards the new long-run equilibrium, adjustments based on the transition path may be reasonable and realistic in a competitive foreign exchange market.
With simplicity, the present paper proposes that, there is a new long-run equilibrium exchange rate, which is determined by the eventual and total price change owing to a change in money supply and confined to purchasing power parity (PPP) in the long-run.
In addition to that, there is a new short-term exchange rate target, which is mostly imposed by interest rate parities. While the exchange rate converges to the new long-run equilibrium exchange rate eventually in the long-run, it moves towards and around a short-term exchange rate target immediately after the change in money supply and in the short-term. The transition path thereby derived would then demonstrate a pattern that reflects the evolving effect of the two international parities as time passes by.
The rest of the paper is organized as follows. The next section provides a brief review of empirical studies on Dornbusch's overshooting model. Section 3 presents the construct and paradigm of this study, following notional remarks on the controversies 4 cast by the overshooting model. Section 4 provides several illustrating cases and calibrates the model, while Section 5 summarizes this study.
A BRIEF REVIEW OF THE EMPIRICAL LITERATURE IN OVERSHOOTING
Following Driskill (1981) , Mussa (1982) also offers support to the Dornbusch model, while working on exchange rate dynamics in the early days of the recent float. His study can produce the results of the Dornbusch model almost exactly if the exogenous monetary factor is assumed to be observable and follows a random walk and expectations about the behavior of this factor is assumed to be formed and revised rationally. In Mussa's model, the exchange rate also overshoots in response to monetary shocks, when the domestic price of goods is sticky. The unexpected change in the actual exchange rate upon shocks, in response to new information about the monetary factor, is always greater than the unexpected change in the long-run equilibrium exchange rate.
However in Obstfeld and Rogoff (1995) , the exchange rate, upon an unexpected permanent increase in money stock in the domestic country, jumps immediately to its new post-shock long-run equilibrium level despite the inability of the price to adjust in the short-term, in contrast to the exchange rate behaviour predicted by the Dornbusch model. They, inheriting much of the Mundell-Fleming-Dornbusch approach to foreign exchange rate behavior, develop an inter-temporal model of international policy transmission incorporating short-term nominal price rigidities and microeconomic foundations of aggregate supply. The model offers direct welfare implications of international monetary and macroeconomic policies and institutions. Regarding exchange rate dynamics, it produces an equation almost identical to that of the flexible monetary model of exchange rates despite that the sticky nominal price is assumed, when the output differential is replaced by the consumption differential in the equation. Since all shocks have permanent effects on the difference of domestic and foreign per capita consumption, real interest rates have the same effect on domestic and foreign consumption growth, relative consumptions follow a random walk whatever patterns the consumptions in the two countries possess, which removes the sticky price effect so the model behaves as though the model worked under a flexible price environment. It follows that the exchange rate, upon an unexpected permanent increase in money stock in the domestic country, jumps immediately to its new post-shock long-run equilibrium level despite the inability of the price to adjust in the short-term. It is because both consumption differentials and money supply differentials follow random walks, implying a one-jump to the right level feature in any adjustment processes. In other words, since consumption differentials and money supply differentials are expected to be constant, the exchange rate is expected to be constant -it adjusts only once and stops making any further adjustments after the money supply shock. Chang and Lai (1997) have found that whether the domestic currency will depreciate or appreciate following a balanced-budget fiscal expansion is sensitive to plausible specification in the money demand function. In addition, it is also found that the mis-adjustment pattern of exchange rates can be observed in response to a balanced fiscal expansion, even if the system displays the saddle point stability rather than the global instability.
Proposing a real interest rate differential model as an alternative to the flexible price monetary model and Dornbusch's sticky price monetary model, findings in Frankel (1979) reject both models based on the results of coefficient restrictions. Following Frankel (1979) , the results in Meese and Rogoff (1988) also fail to lend support to the functional relationship between real exchange rates and real interest rate differentials implied by the Dornbusch and Frankel models. They develop a modified version of the models by Dornbusch (1976) , Frankel (1979) and others to investigate the relationship between real exchange rates and real interest rate differentials between the US, Germany, Japan and the UK. Adopting the assumptions of Dornbusch (1976) and Frankel (1979) including the sticky price assumption, they derive a function for real exchange rates and real interest rate differentials that real exchange rates are negatively associated with real interest rate differentials and changes in real exchange rates are less than proportionate to changes in real interest rate differentials. Then they use the derived functional relationship implied by the Dornbusch and Frankel models in empirical investigations by regressing real exchange rates on real interest rate differentials. Although the coefficient on the real interest rate differential variable is negative and smaller than one in its absolute value, the coefficient is statistically insignificant in all the three exchange rates of the German mark, the Japanese yen and the British pound vis-à -vis the US dollar.
Further, they find little evidence of a long-run relationship between the real exchange rate and the real interest rate differential. Based on these results that fail to support the model and contradict the joint hypothesis that the domestic price is sticky and monetary disturbances are predominant, they claim that real disturbances may be a source of exchange rate volatility. Tu and Feng (2009) claim that exchange rate overshooting is not an intrinsic characteristic of the foreign exchange market and that it depends on a set of specific assumptions. As long as the interest elasticity of demand for money is infinity, the adjustment of the exchange rate in short-term is equal to that in the long-run. In addition, the exchange rate undershoots its long-run value with imperfect capital mobility. They conclude that the exchange rate overshooting hypothesis has proven of relatively limited value empirically.
A few of more recent studies are application based. Hwang (2003) Verschoor and Wolff (2001) investigate expectations formation using the Mexican peso vis-à -vis the US dollar exchange rate and a survey dataset containing market participants' forecasts of the exchange rate and of the interest differential between the peso and the dollar. Their findings suggest that the survey expectations were in the wrong by a large and significant constant. Regarding the expectations formation mechanism, market participants tended to react to the current unanticipated depreciation by expecting future depreciation at the 3-, 6-, and 12-month horizons, and the overshooting effect was present in the Mexican data. However, "news" about the interest differential could be replaced by a risk premium term. Bjørnland (2009) imposes a long-run neutrality restriction on the real exchange rate, thereby allowing for contemporaneous interaction between the interest rate and the exchange rate. He finds that a contractionary monetary policy shock has a strong effect on the exchange rate. The domestic currency appreciates on impact but it takes 1-2 quarters for the effect to maximize. Kim (2001) are not found to be consistent with the details of the transmission mechanism, and appropriate modification and extensions are necessary to fit the data.
The extent to which exchange rates overshoot or possibly undershoot has been under scrutiny. Examining permanent and transitory components in real exchange rates, Cavaglia (1991) demonstrates that rational agents will price the real exchange rate as the sum of three unobservable components of future expected one period real interest differentials, future expected risk premia, and the infinite horizon forecast of the real exchange rate. The findings of the paper contrast with the exchange rate overshooting hypothesis, since its empirical analysis for three currencies over the 1979-1987 period shows that exchange rate risk premia represent a large transitory and short lived component of real exchange rate movements, but expected real interest differentials only represent a relatively small component. Akiba (1996) investigates the rebalancing effect on exchange rate overshooting, accommodating different degrees of capital mobility and emphasising gradual adjustment of commodity prices so that purchasing power parity holds as a long-run proposition. The paper demonstrates that the rebalancing effect unambiguously reduces exchange rate volatility regardless of the degree of capital mobility, by reducing the extent of exchange rate overshooting. Levin (1994) develops a model of exchange rate dynamics that incorporates sluggish output adjustment. In this more complex system, a monetary expansion initially lowers interest rates because of sluggish output adjustment but can still produce either overshooting or undershooting of the exchange rate as in the basic Dornbusch model. In an earlier study, Levin (1989) introduces output adjustment lags and trade flow lags into the Dornbusch model in order to analyze the dynamic effects of monetary and fiscal policy under floating exchange rates. Despite the fact that a monetary expansion at first leads to a reduced interest rate, the exchange rate may undershoot its new long-run equilibrium level. In addition, a fiscal expansion always causes the exchange rate to overshoot its new long-run equilibrium level. Finally, the system converges with oscillations if the output and trade-flow lags are relatively long. Kiguel and Dauhajre (1988) also incorporate sluggish output adjustment into the Dornbusch model and consider the cases of expansionary and contractionary real depreciation of the currency. They show that the exchange rate is likely to overshoot in both cases. It is claimed that when the real depreciation is expansionary, the model generates comovements in prices and output that are opposite to those presented by Dornbusch (1976) . In the contractionary depreciation case, there is a unique stable equilibrium path and the economy is likely to experience cycles in output and the real exchange rate. Natividad-Carlos (1994) unfavorably to other models of exchange rate determination and forecast, with all the initial intention to back the model and verify it empirically. In the next section, it can be shown that the disappointment in finding support for the overshooting model in empirical studies is due to the controversy cast by the model: while the sticky price rises over time and increasingly noticeably in the long-run, the exchange rate decreases, or the domestic currency appreciates over time. The exchange rate does not have to overshoot as stated in Dornbusch (1976) ; it has to if the exchange rate has to approach its new long-run equilibrium level in an appreciating fashion for the domestic currency following a monetary expansion, which is implausible. However, regardless the initial responses of the exchange rate, the exchange rate should approach the new long-run equilibrium level in a fashion of gradual depreciation, instead of appreciation, of the domestic currency, in the long-run. With many empirical studies having found no favorable results for the overshooting model already, this paper makes an effort to illuminate the exchange rate adjustment mechanism under the influence of pertinent parities of international finance.
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It is not the intention of this paper to add another piece of empirical evidence.
Regardless of whether it supports or rejects the overshooting model, it won't change much the balance in the empirical literature. What we lack are studies that scrutinize the reasons behind the failure of the overshooting model in the real world, alongside the workings of the foreign exchange market that conform to international parities under the assumed circumstances. This study is an attempt for achieving this ultimate purpose.
EXCHANGE RATE ADJUSTMENTS IN THE SHORT-TERM AND THE LONG-RUN
This section first brings in a simplified version of the overshooting model. Remarks are then made on the controversies cast by the overshooting model, which offers notional explanations to those disapproving results in the above reviewed empirical literature.
Departing from the overshooting model, the final part in this section develops a construct and paradigm based on the proposition of the paper that the exchange rate, following a change in money supply, moves towards a new short-term exchange rate target in the short-term and converges to a new long-run equilibrium exchange rate in the long-run.
The making of overshooting
UIRP states that the expected change in the foreign exchange rate is equal to the interest rate differential between the domestic country and the foreign country. In the case of a small open economy, the expected change in the foreign exchange rate is equal to the difference between the prevailing domestic interest rate and its long-run equilibrium rate -the world's interest rate:
where t e is the exchange rate in logarithms, t r is the domestic interest rate, and * r is the long-run equilibrium interest rate where a time subscript is not relevant. Exchange rate expectations are formed in the following way:
where e is the long-run exchange rate and  > 0 is a coefficient. Equation (2) states that the expected change in the exchange rate follows a dynamic adjustment process that the exchange rate will revert to its long-run rate, with the speed of adjustment being decided by the value of  . The domestic currency is expected to depreciate when the exchange rate is below its long-run level and is expected to appreciate when it is above its long-run level. The adjustment is swift with  is large and slow when  is small. Combining equation (1) 
The demand for money equation is the standard version given below:
in which m t is demand for money, p t is price of goods, y t is income, and 0 
Assume that the system is in equilibrium at 0 
where n e is the new long-run equilibrium exchange rate to be established consistent with the new quantity of money supply. Since ) ( . Dornbusch (1976) argues rightfully that the increase in the long-run equilibrium exchange rate is equal to the increase of money supply. Equation (7) 
Equation (8) demonstrates exchange rate overshooting, i.e., depreciation in the exchange rate is greater than what is justified by the amount of increase in money supply.
Remarks on overshooting
Having produced the overshooting effect, the Dornbusch model generates the evolution path for the price and the exchange rate, in a continuous-time fashion, as follows (Dornbusch 1976 (Dornbusch , page 1168 It is clear that the long-run in the above paragraph is not long enough. The period ends before the price, which is sticky, starts to rise noticeably to erode effectively the purchasing power of the domestic currency. The appreciation of the domestic currency is a relatively short phase in the entire process of exchange rate adjustment and movement.
The exchange rate does not have to overshoot when the exchange rate approaches the new long-run equilibrium rate in a depreciating manner in the later and final phase of exchange rate adjustment and movement. If the exchange rate ever overshoots, the appreciating process would not end when the exchange rate has touched the new equilibrium from the above. The domestic currency would continue to appreciate and the exchange rate would continue to move down to a point below the new equilibrium, which allows the domestic currency to depreciate in response to a rising domestic price in the real long-run. A decreasing exchange rate (appreciating domestic currency) should not be the end of story of this monetary expansion. With the progressively rising domestic price, there should be a period in which the domestic currency is depreciating.
This takes place when the domestic price, which is sticky and does not increase noticeably initially, starts to rise considerably, proportional to the monetary expansion, and erodes the domestic currency's purchasing power eventually.
Rethinking on interest rate parities of interest rate changes
According to interest rate parities, a currency would depreciate vis-à -vis the other currency if the former is associated with a higher interest rate in the economy than the latter. Notwithstanding, the effect of an interest rate change can be perplexing, on the exchange rate "now" and "future". We use UIRP for example to illustrate. We inspect how the exchange rate may adjust to interest rate changes, with UIRP being upheld always:
  and is assumed constant. The domestic currency is the numerator currency in all denominations. It is a common reaction on the currency market that an increase in the interest rate in the domestic country boosts the domestic currency that the domestic currency appreciates or the exchange rate decreases; and that a reduction in the interest rate in the domestic country prompts the domestic currency to depreciate or the exchange rate increases. We consider the latter case to coincide with the monetary expansion effect in Dornbusch (1976) . The depreciation due to a lowered domestic interest rate, however, applies to the current spot exchange rate at the time of an interest rate reduction. The domestic currency would strengthen over time and, the exchange rate would return to its original level if it is a pure monetary manoeuvre without any changes in growth, productivity, and so on. The exchange rate would decrease, or the domestic currency is expected to appreciate in the future -the doctrine indicated by UIRP. There can be a number of responses to an interest rate change of the current exchange rate and the expected future exchange rate.
The following demonstrates the analysis and effect of an interest rate reduction.
Equation (11) Equation (11a) is a case where a reduction in the domestic interest rate weakens the domestic currency immediately and the effect is entirely on the current exchange rate.
Whereas the expected future exchange rate remains unchanged, it represents a kind of expected appreciation relative to the newly adjusted exchange rate. Equation (11b) is a case where a decrease in the domestic interest rate fails to make the domestic currency depreciate right now and the effect is entirely on the expectations about the future exchange rate, which is expected to decrease, or the domestic currency would appreciate in the following period. This is an indication that a currency cannot be weakened and sustained by monetary manoeuvres. With equation (11c), the effect is felt on, and shared by, both the current exchange rate and the expected future exchange rate. The domestic currency depreciates to a smaller extent than that in equation (11a) right now, and it is expected to appreciate to a smaller extent than that in equation (11b) The reaction represented by equation (11c) is most commonly observed in the real world, followed by those of equation (11a) and equation (11b). Nevertheless, all the above adjustment patterns in the current exchange rate upon an interest rate change and the expected exchange rate movement that follows are short-term adjustments largely confined to interest rate parities. How short is this adjustment period? It depends on the strength of influence asserted by interest rate parities but, regardless, it is much shorter than the period in which the sticky price has eventually increased by almost the same amount of the increase in money supply.
Exchange rate adjustments in the short-term and in the long-run
The analysis below departs from that of Dornbusch (1976) . Instead of targeting the new long-run equilibrium exchange rate immediately upon the increase of money supply and all along subsequently, there is a transition period in exchange rate adjustments. The exchange rate, following a change in money supply, moves towards a new short-term exchange rate target, 1 n e 1 , which is mostly confined to interest rate parities, in the shortterm. The exchange rate then converges to a new long-run equilibrium exchange rate, 2 n e , in the long-run. A weighting function is applied so the weight allocated to the short-1 See equation (17) 
The demand for money equation is the standard version given by equation (4).
Incorporating the analysis in Sub-section 2.3, we set three periods or phases for the e to endure the interest rate parity effect, and lasts until the effect confined to interest rate parities diminishes to be negligible. The domestic interest rate is reverting to its equilibrium level, the level of the world interest rate 2 , and the appreciation of the domestic currency becomes smaller and smaller as the interest rate differential becomes narrower and narrower. The long-run is the period when the sticky price rises noticeably eventually until the price increase reaches the full of the monetary expansion.
Given the upon impact exchange rate  0 e , the domestic currency is expected to appreciate due to interest rate parity effects. If, for example, the domestic interest rate is to remain at this level for one year, and then reverts to the level of the world interest rate, the amount of appreciation would be λ dm ; if the domestic interest rate is to remain at this level for half a year, and then reverts to the level of the world interest rate, the amount of appreciation would be λ dm 2 . Let the domestic interest rate now assume a function form with which it rises gradually in reverting to the world level of interest rate: 
and total expected appreciation owing to interest rate differentials is given by:
The short-term target is therefore the exchange rate upon the initial response plus the total appreciation due to the working of interest rate parities: (12) by their values in equation (17) 
The general solution to the above equation is derived as a :
Given the boundary or initial conditions, C is solved by the relationship: Notice that setting 0  κ in the above is a special situation for pure interest parity effects, which should be identical to equation (15). Given:
it is inferred that φ= θ.
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The features of the three terms are as follows. The first term on the right hand side of equation (23) is always positive, starting from  0 e and gradually becoming zero. The second term is always negative except at t = 0. It starts with a value of zero, followed by gradual decreases and then gradual increases back to zero. That is, the domestic currency appreciates initially influenced by interest rate parities, and then the interest rate effect diminishes gradually when the domestic interest rate is converting to, and approaching, the world level of interest rate, while the PPP effect takes over. When the price is very sticky, i.e., κ is very small relative to θ, the second term is almost the interest rate parity effect of the exchange rate,
. The stickiness of the price plays a role also. The third term is always positive, starting from zero, and gradually increasing to   dm e  0 , the new long-run equilibrium level of the exchange rate at which the exchange rate has settled down. Figure 1 illustrates the evolution of the three terms on the right hand side of equation (23), which fits nicely to exchange rate movement and adjustment, after the monetary expansion, in the short-term and the long-run. Figure 1(a) shows that the initial reaction to the monetary expansion, some kind or degree of depreciation of the domestic currency, is gradually reduced to nil with time. The pre-expansion exchange rate is set to be one, so in logarithm it is zero. Figure 1 (b) exhibits interest rate parity effects. Without growth or productivity changes, which are assumed for the case of a pure monetary exercise, the appreciation process of the domestic currency ought to stop and then revert, for the obvious reason that the appreciation of no currencies can be sustained by a pure monetary manoeuvre, without faster growth in the economy and greater increase in its productivity. Figure 1(c) demonstrates the evolution path to the long-run equilibrium exchange rate with a rising sticky price that gradually erodes the purchasing power of the domestic currency, with a 10 percent increase in money supply. A large κ, or a less sticky price, means the price would rise faster and its erosion into the purchasing power of the domestic currency would take place sooner. The interest rate parity effect dominates in the earlier period, the second phase, and the PPP effect dominates in the later period, the third phase, of dynamic adjustment in the exchange rate. The relative sizes of κ and θ indicate the relative length of the period during which one effect is dominant over the other. In general κ is smaller than θ for the sake of sticky prices. The overall exchange rate adjustment and movement are displayed in Figure 2 . The exchange rate in Figure 2 With a pre-expansion exchange rate of one, the exchange rate depreciates to 1.02 upon the monetary expansion, and then it appreciates due to the interest rate parity effect. In its final phase of evolution, the exchange rate moves towards the new long-run equilibrium level of 1.10, confined to PPP with a 10 percent monetary expansion.
{Figure 1} {Figure 2}
The following establishes an association between price adjustments and interest rate adjustments. A simple function reflecting the sticky feature of the price is also produced:
 dm
Bringing the above price process and the interest rate process featured in equation (14) into equation (4) Equation (27) indicates φ γ  , i.e., the speed of price increases is equal to that of interest rate increases, for equation (6) to hold while there is no change in output and there is no further change in money supply. Previously it has been inferred that θ φ  . Therefore, the three speeds of adjustment parameters are equalized θ φ γ   .
{Figure 3}
Figure 3 demonstrates the shifting IS curves and LM curves in response to the monetary expansion. The LM curve is portrayed by equation (4), while the IS curve is represented by:
where q t is the real exchange rate and g t is government spending, and β,  and h are positive coefficients. The real exchange rate, by definition, is: (21) is re-arranged and equivalent to the following:
The curve is named IX. Different from the closed IS-LM analysis, the IX curve is divided into two sections, one with the domestic interest rate being higher than the world interest rate * r , and the other with the domestic interest rate being equal to and lower than the world interest rate. The IX curve is down-sloping; the curve is flatter when t r is far away from * r and steeper when t r is closer to
, it means the larger the interest rate differential, the greater the decrease in the exchange rate, or the appreciation of the domestic currency; for 0 *   r r t , it means that the larger the interest rate differential, the greater the increase in the exchange rate, or the depreciation of the domestic currency.
{Figure 4}
The exchange rate depreciates and changes to  (23), depicting the exchange rate adjustment and movement immediately upon a monetary expansion, and the aftermath in the short-term and the long-run.
ILLUSTRATING CASES AND CALIBRATION
The last financial crisis has provided us with the rare opportunities to inspect the patterns in exchange rate movements following an expansionary monetary policy. The intention to expand the monetary base in most economies during the crisis period was almost solely to prevent the economy from sliding into recession or, at best, to keep the economy as it was, with the outcome of virtually every intervention being just that. The scales of monetary policy intervention have been enormous and unprecedented. The policy tool adopted by most monetary authorities around the developed world is the most direct amongst the three major policy tools -large scale open market purchases of bonds and gilts or quantitative easing (QE). Unlike "conventional" monetary expansions where changes in a few other economic variables may influence exchange rates as much as money supply does, the effect of QE on exchange rates and exchange rate movements greatly dwarfs that of any other economic variables. For this reason, QE effectively isolates the impact of other economic variables on exchange rate movements from that of monetary expansions, offering an immaculate environment in which the effect of monetary expansions on exchange rate adjustment and movement is studied.
Patterns in exchange rates movements of QE1 and QE2
The recent two rounds of QE of the US are used for case analysis and illustrations. The first round of QE, QE1 started in December 2008 when the Federal Reserve announced it would purchase up to $100 billion in agency debt and up to $500 billion in agency mortgage-backed securities on November 25, 2008. Although the purchases spread over a period, that period was fairly short. The announcement effect would be also considerable, which Gagnon et al. (2010) scrutinize for QE1 in detail. Figure 5 and Figure   6 exhibit US dollar exchange rate movements for QE1 and QE2 respectively. The exchange rate used in the study is the US dollar effective exchange rate provided by the US Federal Reserve. The effective exchange rate is re-arranged so that an increase in it corresponds to the depreciation of the US dollar vis-à -vis the currencies of its trading partners, the same way as directly quoted bilateral exchange rates. It has been observed that the US dollar depreciated upon the expansion of money supply on all these occasions, but there were no signs of overshooting of exchange rates.
While the initial depreciation was pulsating in QE1, that in QE2 was feeble for actual asset purchases as well as for the announcement. That being said, the initial reaction of exchange rates to an expansionary monetary policy is mostly incomprehensible to quantify, though initial depreciation has been broadly witnessed qualitatively. This kind of initial depreciation following an expansionary monetary policy is prevalent in the empirical literature, featured largely by undershooting of exchange rates, but alluded implicitly by the palpable failure to endorse exchange rate overshooting as well. Reverse movements of the exchange rate in the short-term, however, were manifest in both QE1
and QE2. The US dollar depreciated inevitably afterwards in the long-run and the exchange rate moved inevitably in a depreciating manner. The displayed patterns in US dollar effective exchange rate adjustments and movements mirror the theoretical analysis of this paper remarkably agreeably.
Calibrations of the model with QE1 and QE2
Given the remarkable matching between the theoretical curves of the model exhibited by Table 1 presents the calibrated parameters of the model, while Table 2 reports pertinent monetary data vis-à -vis changes in exchange rates and prices. Figure 7 and Figure 8 show the calibrated and actual exchange rate adjustments and movements for QE1 and QE2. We can observe from the graphs that the calibrated curves fit into the actual exchange rate data well. 
). By the time, the interest rate parity effect has diminished sufficiently and the PPP effect sets off to play a dominant role, and the currency depreciates substantially. Now Let us consider the interest rate parity effect and the PPP effect respectively. Reverse movement of the exchange rate due to UIRP, the second term on the right hand side of equation (17), reaches the lowest level in 57 days. Whereas the depreciating movement due to PPP, the third term on the right hand side of equation (17) when the US Treasury bill rate is close to 1%. Given such interest rate semi elasticity and a 21% increase in money supply with the calibration, the initial drop in the interest rate would be 0.7% as per equation (7). φ is worked out as 0.021481 accordingly, with which the price evolution path can be projected using equation (18) . Estimation in Table 2 indicates the price would have almost adjusted to the full by December 2009. The actual depreciation of the US dollar in terms of effective exchange rates is 17% in the period between November 2008 and December 2009, which is smaller than the increase in monetary base but greater than both increases in M1 and M2 in the same time period.
{Table 2}
Exchange rate adjustments are swifter and more forceful in QE2. Reverse movement of the exchange rate, the second term on the right hand side of equation (17), reaches the lowest level in 29 days, compared with 57 days in QE1. The depreciating movement due to PPP, the third term on the right hand side of equation (17) rises to its 90 percent level in 114 days, compared with 221 days in QE1. Figure 8 shows that the calibrated reverse movement of the exchange rate stops in 24 day, and the actual reverse movement of the exchange rate reaches the bottom in 19 days. As reported in Table 2, between November 2010 and September 2011, monetary base has increased by 35 percent, M1 has increased by 20 percent and M2 by 9 percent. Given a figure of 0.304234 for λφ, an estimate of φ is 0.010141. The price would have risen by 88% of the amount of increase in money supply. The actual depreciation of the US dollar in terms of effective exchange rates is just over 4% in this period, whereas increases in monetary base, M1 and M2 are as large as, or greater than, those in the QE1 period. Nonetheless, this period has witnessed various QE exercises not only in Europe and the developed world, but also in large emerging economies, so the net effective increases in money supply in the US, being offset by other economies' QEs, should be much smaller.
Moreover, the world outside the US, especially the euro area, has been hit hard during this period by one crisis followed by another, propelling the US dollar in many ways.
SUMMARY
This paper analyzes the adjustment and evolution path of the exchange rate following a change in money supply. The paper proposes that there is a transition period in exchange rate adjustments, which is largely regulated by interest rate parities, and the transition period is featured by reverse movements of exchange rates in the short-term. The exchange rate then converges to the new long-run equilibrium exchange rate, the working that is contributed normally to PPP in the long-run. This pattern in exchange rate adjustments and movements is resulted from the joint and sequential effects of interest rate parities and sticky prices on the rise, from the short-term through to the long-run horizon. Following an expansionary monetary policy, the currency in concern would typically depreciate upon the announcement and implementation of the policy, albeit the extent of depreciation depends largely upon the environment in which the policy change is introduced. With a kind of regime change or break, the extent of immediate depreciation remains unpredictable, as evidenced by all kinds of findings in the empirical literature, ranging from undershooting to overshooting. What is discernible is the currency's subsequent appreciation in the short-term before the exchange rate finally moving towards its new long-run equilibrium rate definitely in a depreciating manner in the long-run.
Recent two rounds of QE of the US, the rare opportunities conferred to us to inspect the ways in which exchange rates adjust and move following an expansionary monetary policy, are then scrutinized to ratify the proposition and model of the paper. A clear and well defined pattern has evidently emerged in US dollar effective exchange rate adjustments and movements in both rounds of QE. Calibrations of the model work well and reinforce graphical illustrations. The observed pattern in exchange rate adjustments and movements in both rounds of QE mirror the theoretical analysis of this paper remarkably agreeably, and the actual exchange rate movements fit the theoretical curve delicately well. 
is: * adopting λ = -30, φ = 0.021481 for the QE1 period, and φ = 0.010141 for the QE2 period
